Abstract. Tri Acetyl Glycerol or triacetin is one of the glycerol derivative products which can be used as additives in liquid fuels (octane boosters) to reduce knocking on the machine. The use of triacetin as octane booster is considered very promising because it comes from renewable and environmentally friendly raw materials. The resulting glycerol-based additives are suitable for gasoline, biodiesel and diesel. In this study glycerol esterification with acetic acid over Lewatit catalyst was investigated. The effects of various parameters, such as reaction temperature, weight of catalyst and molar ratio of glycerol to acetic acid were studied and the optimum condition for the triacetin synthesis are 100 o C, 1: 7 mole of ratio and 3% weight of catalys
Introduction
Biodiesel is one of the renewable energy sources that can be an alternative to the use of petroleum. Biodiesel is an alternative fuel from renewable natural resources that have a positive impact, especially the emissions of gases produced more environmentally friendly. Biodiesel production will produce glycerol as a by-product of about 10% (by weight) of biodiesel production [1] . The increasing production of biodiesel will be followed by an increase in the amount of glycerol produced as a byproduct, therefore an effort is needed to utilize glycerol as a raw material for the manufacture of other chemicals.
Tri Acetyl Glycerol or triacetin is one of the glycerol derivative products which can be used in various industries, e.g. emulsifiers, plasticizers, additives in the coating and paint industries, and can also be used as additives in liquid fuels (octane boosters) to reduce knocking on the machine [2] . The commonly used Octane booster is tetraethyl lead (TEL, Pb(C2H5)4) but its use will form a thin layer of lead in an atmosphere which is harmful for living things. The use of triacetin as octane booster is considered very promising because it comes from renewable and environmentally friendly raw materials. The resulting glycerol-based additives are suitable for gasoline, biodiesel and diesel.
In this study triacetin will be produced from esterification process of glycerol and acetic acid. To increase the reaction rate and yield of product, in the synthesis process of glycerol derivative products into fuel additive materials used catalyst. The choice of catalyst type for a reaction is based on several considerations, namely: porous structure to produce large surface area as active site provider, thermal stability to temperature change and has high acidity.
The reaction of triacetin formation is an esterification reaction with glycerol and acetic acid reactants, the esterification reaction of glycerol is a slow reaction. In previous studies, triacetin formation of glycerol and acetic acid without catalyst takes more than 4 hours. Meanwhile, by using aminosulfonic acid catalyst it was obtained a yield of 90% [3] . Esterification reaction with a phosphotungstic acid catalyst, reactant ratio of 3.8%, a temperature of 135-155 o C and a reaction time of 7 hours yielded 84.6% [4] . The effect of the use of various solid catalysts for the preparation of triacetin was carried out by Gonsalves. The catalysts used were Amberlist-15, K 10, Niobic acid, HZMS-5 and HUSY. From the various catalysts the success of triacetin was achieved only when using Amberlist-15 and K 10 catalysts with selectivity of only 13% and 5%. While the use of other catalysts only get monoacetin and diacetin although its conversion can reach more than 90% [5] . Gelosa made triacetin with packed bed reactor with 36 grams Amberlyst catalyst stuffing material which run on column with internal diameter of 1.5 cm long and 44 cm long. When used the comparison of glycerol reactants and acetic acid 2: 9, with flow rate of 0.3 cm 3 /min, 50% acetic acid conversion was obtained [6] . The selectivity of diacetylglycerol (DAG) and triacetylglycerol (TAG) mixtures after reacting for 4 hours can reach more than 80%. The reaction is carried out in an autoclave reactor at a temperature of 100-150 o C and a pressure of about 4 atm [7] .
In this research, triacetin synthesis process will be done through esterification reaction with glycerol and acetic acid using lewatit catalyst. The use of lewatit catalysts is intended to facilitate the separation of the reaction product [8] . In addition, the utilization of lewatit catalyst which is an ion exchange resin is expected to provide alternative materials supporting the development of glycerol derivative products.
Methodology
Prior to the use the catalyst is activated by using a HCl 1 N solution of 200% of the catalyst volume. The catalyst mixture is stirred using a magnetic stirrer for 30 minutes MATEC Web of Conferences 154, 01028 (2018) https://doi.org/10.1051/matecconf/201815401028 ICET4SD 2017 and rinsed with distillated water to neutral pH. Glycerol with a certain volume and the lewatit catalyst is heated in a three-neck flask, while acetic acid is heated in a separate container. After the second temperature of the reactant reaches the reaction temperature, acetic acid is introduced in a three-neck flask containing glycerol and a catalyst. During the reaction, stirring at a rate of 175 rpm and temperature is kept constant according to the reaction temperature. The research was conducted by varying the mole ratio of reactants (glycerol: acetic acid) 1: 6, 1: 7 and 1: 8, reaction temperature 90 o C, 100 o C and 110 o C, 3% catalyst weight and 175 rpm stirring rate. Samples were taken every 15 minutes and the reaction was run for 90 minutes.
Data obtained from the study were free glycerol levels at each time interval of 15 min obtained in each process condition. This data is then used to evaluate the conversion value as a function of time. Glycerol levels can be calculated by the following formula: (450)(170) 50 ( 1 )( 2 ) (1)
Where B is volume of Na2S2O3 titration for blank solution (mL), S is volume of Na2S2O3 titration for sample solution (mL), N is normality of Na2S2O3 solution, is distilled density (g/mL), 1 = initial sample weight (g), 2 = diluted sample weight (g).
Result and Discussion

Effect of Temperature
The data of glycerol conversion versus time at various temperatures can be seen in Table 1 and Figure 1 . Based on Table 1 and Figure 1 , it appears that there is a spike in conversion shortly after the catalyst is added to the reactor. The same is also reported on the esterification of ethanol and acetic acid by using a monoplus s-100 lewatit catalyst [2] . The esterification of glycerol with myristic acid using a sulphated zirconia catalyst, when the catalyst is added, there is a spontaneous reaction that causes the acid conversion to rise. As the acid conversion increases, the water concentration formed also increases with the same trend. Water has the ability to deactivate acidic solid catalysts due to its high affinity to the acidic active site of the catalyst [9] . Thus it can be understood that after a high rate of conversion spikes, the reaction rate decreases as the activity of the catalyst decreases. The same is true of the use of other solid acid catalysts such as Amberlyst-15 [10] .
Fig. 1. Correlation between Glycerol conversion versus time at various temperatures
The observed reaction rate is the rate of reaction after the spontaneous reaction occurs, so the resulting graph is relatively sloping. The observed trend of Figure 1 is that the higher the temperature and the longer the reaction time, the conversion tends to increase. This is because with the rise of reaction temperature, the energy of reagent molecules increases in overcoming the activation energy. The reactant molecules will move faster so that the frequency of collisions between molecules will increase and the reaction rate becomes faster. The increase in reaction rate is indicated by the higher reactant conversion. This corresponds to the Arrhenius equation as follows:
shows that the temperature is directly proportional to the rate constant of the reaction, where as the reaction temperature increases the reaction rate constant increases so that the reaction rate was faster and the conversion was higher. The same phenomenon also demonstrated in experiment using an Indion 225 Na catalyst [2] , a natural and physically activated Zeolite catalyst [11] and Amberlyst-15 as a catalyst [6] .
At the end of reaction time, the highest conversion was obtained at temperature 100 o C with conversion equal to 66.91%, while the lowest conversion was obtained at 80 o C with conversion of 58.59%. According to the theory, the maximum conversion should be achieved at a temperature of 110 o C, but in this study it did not occur. This is due to the temperature of 110 o C of Lewatit catalyst which is used to change the color from yellow to dark brown indicating deactivation of the catalyst. The deactivation is caused by high experimental temperature near its maximum temperature, so the catalyst cannot retain under such conditions. From the research it was obtained a fairly high conversion. This can be compared with other research. In esterification of glycerol carried out by Zhu using AgPW catalysts achieved 96.8% conversion [12] and 100% conversion can be achieved in research conducted by Gao using Graphene Oxide catalyst at 120 o C [13] . This is possible because Graphene Oxide and AgPW catalysts are more resistant to high temperatures for longer periods than Lewatit catalysts, so that the conversion becomes higher and the activated natural zeolite catalyst has a better ability to direct esterification reactions.
Effect of Molar Ratio of Reactant
From the experiment of various temperature variations obtained the optimum temperature is 100 o C. Armed with the optimum temperature, the experiment of variation of reactant mole ratio was carried out at 100 o C. The molar ratio of glycerol reactants to acetic acid was 1: 6, 1: 7 and 1: 8. Meanwhile, other variables were kept constant which was 3% by weight catalyst and 100 ° C reaction temperature. The data of glycerol to time conversion on various reactant variations can be seen in Table 2 and Figure 2 . 
Fig. 2. Correlation between Glycerol conversion versus time at various molar ratio of reactant
The mechanism of the reaction of triacetin formation in an esterification reaction between glycerol and acetic acid is as follows:
Glycerol + 3 Acetic Acid ↔ Triacetin + 3 H2O
Stoichiometrically, the esterification reaction to produce one mole of triacetin and three moles of water requires one mole of glycerol and three moles of acetic acid. However, because the esterification reaction is a reversible reaction so that acetic acid can be excessive to shift equilibrium toward the product.
From Table 2 and Figure 2 it can be seen that the higher the mole ratio of glycerol reactants than acetic acid, the higher the conversion value of acetic acid achieved. In a molar ratio of 1: 6 to 1: 7 reactants there was a considerable increase in conversion. However, in the molar ratio the 1: 7 to 1: 8 reactants produce a coincident graph which means that the increase in the mole ratio of the reactant is not very influential. From these results it can be concluded that the highest conversion is obtained at the mole ratio of 1: 7 reactant at 100 o C temperature which was 73.36%, while the lowest conversion of 66.91% was obtained in the reagent mole ratio of 1: 6. This shows that the mole ratio of reactants gave a significant effect on the conversion of acetic acid. As the mole ratio of the larger reactant increases, it will affect the rate of the reaction that goes faster with the increase of conversion. According to Satriadi, if the concentrations of reactants get higher where the large concentrations of substances contain more number of particles, so the particles are composed more densely than the substances with low concentration. Particles that are closer together will more often collide so that the possibility of reaction is getting bigger [14] .
The effect of the reactant mole ratio was very visible at the start of the reaction (from t = 0 to t = 15 minutes) as shown in Table 2 and Figure 2 above, where the resulting conversion is quite large with a very short time lag of 15 minutes. This is similar to the research conducted by Nuryoto where at the beginning of the reaction, the reaction goes very quickly and then the reaction goes slow [2] . This occurs because of the effect of water produced as a by-product, where in the presence of water the reaction will tend to shift to the left and water has a very strong attraction among the components present in the system that will greatly affect the rate of diffusion And the rate of reaction [6] .
In a study conducted by Gao an increase in the mole ratio of glycerol/acetic acid from 1: 2 to 1: 6 leads to an increase in conversion, this is because the excess acetic acid will shift equilibrium toward the product, thereby increasing the formation of monoacetin and diacetin [13] . Increasing in the mole ratio of glycerol/acetic acid from 1: 6 to 1: 8 leads to a decrease in glycerol conversion, this is due to a sharp decrease in glycerol concentration to the total solution volume.
Effect of Weight Catalyst
The effect of percent weight of the catalyst will be studied on the basis of experiments carried out by varying the catalyst weight by 2%, 3% and 5% by weight of the catalyst to the glycerol reactant. Meanwhile other variables such as temperature and reactant mole ratios are maintained at 100 ° C and 1: 7. The conversion value obtained from each experiment will be compared to determine the effect of catalyst weight increase on conversion to glycerol. The relationship between conversion and time on various percent weight of the catalyst is presented in Table 3 and Figure 3 .
From Table 3 and Figure 3 it is seen that the conversion value of glycerol to triacetin by esterification reaction increases with increasing catalyst concentration or percent weight of catalyst used. The observed trend of Fig. 3 is the weight of the catalyst increase from 2% to 3% of significant conversion increments. While the increase in catalyst weight from 3% to 5% increase in conversion is not too significant. although the resulting graph fluctuates but generally it can be concluded that there was no significant difference between catalyst weight 3% and 5%. Thus it can be concluded that the weight of the catalyst 3% is the weight of the optimum catalyst. At the end of the reaction time. the highest conversion was obtained at 3% catalyst weight with a conversion of 66.91%. while the lowest conversion was obtained at 2% percent catalyst weight with a conversion of 56.28%. Another phenomenon seen from Figure 3 is the increase in glycerol conversion as a function of time is quite gentle and volatile. This was because the number of active sites available on the catalyst was close to the maximum required by the reactants. The same phenomenon is also shown in the study conducted by Yadav where in percent weight of catalyst 5% it appears that the conversion did not increase compared with the use of 3% catalyst. This may be because at the weight of the catalyst 5% there is no perfect mixing due to the catalyst solid density in the solution being large enough to reduce the contact area between the catalyst and the reactants. In addition, the high concentration of solids in the solution allows the dead zone within the reactor. 
Conclusion
